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CDA INTERCORP
INTRODUCTION

This application manual defines the performance capabilities of CDA InterCorps Brushless Permanent
Magnet Motor product line, in-line and right angle gearing, optional rotary transducers, and brakes.

The design data contained herein reflects the continuous demand for improved performance, effi-
ciency, and reliability, while simplifying drive techniques, and minimizing size and weight. CDA
InterCorp’s Brushless Motors are designed to operate under the most demanding requirements of MIL-
STD-810, while maintaining robust, reliable performance characteristics. These motors and similar
products are used in aerospace, outer space, defense, commercial aviation, “down hole”, robotic,
nuclear, and high reliability industrial control applications.

With over 30 years in the industry, CDA InterCorp’s core philosophy of modular standardization has
withstood the test of time. Each modular design utilizes the same inventoried piece part standards,
materials, processes, and construction techniques. Inherent in our standard modules are unequaled
reliability and ruggedness, while maintaining flexibility in providing custom motor requirements and
extremely responsive prototype and production deliveries.

CDA maintains a quality inspection system which provides traceability, product assurance, and per-
formance. A government quality representative is available to provide source inspection, as required.

For responsive support of your specific requirements, please write, phone, fax, or e-mail CDA
InterCorp directly. CDAs system application engineers are available to visit your facility to assist in
the design and selection of the proper Controllable Drive Actuator for your specific application. CDA
also maintains marketing personnel throughout the United States and Internationally.




TABLE OF CONTENTS

L B PO IR OTY 2 5in v wid o sisais’ om st s St s e, 55 oA 8 TSR m i o) i oo o S0 TS ) sy e 2
Motor Methanital Dol s e e S s A e R VS S 3
Wpe 12 "FeriORTATICE "EIBTE, rusnsk s s s s s o e s e Sk s e M e A s e R R 4
Vpe 16 Performaite DATA ;e s s s as S s e s L s e TS S R A a ks 5
Type 20 PerformancCe Data..........ouiuiuininii e ettt ettt aas 6
Ty 24 PEEOMNAIICE AL cuumsiommmsisssommsies s s s s Hils s s s S st s S R e s 7
Type 32 PerforMancCe DIALA......sceeorsonreosssmmnssssnssnsmnanssssssssspansenans esssssysssssmssmssen ommresns s 8
Type 40 Performante Dald: s vssssmbmis o s s s v osss oo oo ohssiviavass 9
Wpe 48 Porornante: DAL ..o..c rmssonnoassmsmmmmsnnsss o esse s s b sF A s Ly s e TS AN A BTN 10
Motor Transgucer ‘Oplions (Fleld DIFSCIOTS). .. ..o scimmusmmemssssanasinennsmnsssesoss seossmmss s 11
Rutary Acceleiornersr PelTofMaite | Bale) o o o angsims s et v mss o 12
Bieike’ \PEEHRIBaEE: BIBEA  tovoummmsmosssonmmassmmie s mies s te s i s i R e S s i  s  H R 13
Motor Gearhead Cormposite: Dimensions: [IMPerial):.qicavsnmmnsmmmnnmmmmsniimriea 14
Motor Gearhead Composite Dimensions (SI)...o.oooiiiiiiiiiiii e 15
Gearhead PerforMNanee [BDalah  comsssssiumsi st ns e onsmss s man e o G s SR s a5 oe e 15
Motor Right Angle Gearhead Composite Dimensions (Imperial)................ccoooiiiiiiiiiiiiiiiin, 16
Motor Right Angle Gearhead Composite DIMENSIONS (Sl)...c..cvismmsemnasssssssvissssssmsnssmsmmmssnssesvsanos 17
Riaht Afidgle JGearhpad PelfOIanet: Dol s oo et 17
Leacl PosSIHON FERADACK COBMIOPIS: oo coue s i ummmansimms e s s xasaaren o0 s 4 s ik oS Sk 18-19
Lineal ACTHALOES. soc s e S i s o s e e S S e s s 20-21
General Design Data:
B S T ot da e sy o] St e sy i i 0 Sl o S i b B S B S R B s 22
Rotary Accelerometer Functional Block Diagram.............ccocooiiiiiiiiiiiiiiiiiiiiiiinnnnnn, 23
Actuation: Performance’ EQUaiOns. . v ca s i homs o s o s Sai s s s/is 24
Applicatiorn Data Fax COVEr SHEELL....cvinsseemmnumrmssnonssenssan it dressenshnnsnnos s otaashssmesnsses 25




Brushless Permanent Magnet Motors

Providing the highest mechanical power output and torque per
unit volume, the Brushless Permanent Magnet Motor [BPMM)
is the workhorse of the motor line family. These high perfor-
mance motors require an integral motor rotor position indicator
in order to maximize motor performance and operation.

The rotor is constructed with durable rare earth samarium
cobalt magnets for high temperature performance, stability,
and durability. The electrical windings are on the outside sta-
tionary stator, providing minimal thermal resistance between
the windings and the motor case.

Sinusoidal Operation: CDA may provide a sinusoidal
Brushless Permanent Magnet Motor for any of our frame sizes.
For ripple torque critical applications, where smooth torque
control particularly at low speeds is required, CDA may provide
two phase or three phase sinusoidal back emf. A sinusoidal
drive uses all phases on the motor on a continuous current
basis. There is no instantaneous hard switch of the current, as
with the trapezoidal drive. In order to produce an actuator
with smooth performance and low ripple torque, the motor
back emf should match the waveform of the generated current
and be 180" out of phase to operate most effectively. The
scope trace below shows an actual back emf waveform of a
three phase CDA InterCorp BPMM. CDA has produced BPMM
actuators with less than 0.5% ripple torque.
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Trapeziodal Operation is a popular method of motor con-
trol, due to its simplicity and availability of controllers. The per-
formance data tabulated in this catalog may also be used to
approximate trapezoidal performance as well as sinusoidal per-
formance. Trapezoidal commutation will result in lower start-
ing torque and higher ripple torque, when compared to sinu-
soidal operation. Contact CDA Engineering for additional infor-
mation on commutation options.

Motor Transducer Options: In order to properly control the
current in a Brushless Permanent Magnet Motor reliably, posi-
tion feedback is required. CDA recommends high frequency
brushless Field Directors. Field Director options and perfor-
mance data is tabulated on page 11.

CDA InterCorp strongly recommends Field Directors, rather
than Hall Sensors for motor control. While CDA InterCorp has
a Hall Sensor module within our product line, Hall Sensors
have operational temperature limitations of -40" to +150° C.
Further, Field Directors can withstand greater shock and vibra-

tion loads than Halls. With Hall Effect commutation, there will
be degradation of motor performance, as well as increased rip-
ple torque, due to inherent hall hysteresis. Hall sensors may
only be used for trapezoidal commutation.

Optional Transducers: CDA InterCorp may offer position,
velocity, or acceleration feedback of the high speed motor, or
the low speed output of the actuator assembly. Several options
for these rotary transducers are tabulated with application infor-
mation in this catalog. Additional transducer options may be
found in our Rotary Transducer Application Data brochure.

Position Transducers: Position information may be obtained
through high accuracy Brushless Resolvers, or RVDTs. These
devices may be integrated through a high accuracy zero-back-
lash gearbox to provide output shaft position information, as
shown on pages 18 through 19. High accuracy position trans-
ducer information may be found in our Rotary Transducer
Application Data brochure.

Velocity Transducers: High speed motor velocity information
may be achieved with Brushless AC tachometers, Permanent
Magnet Alternators, or op-amp integrated accelerometers.
Velocity information may be used in high performance servo
and velocity control systems. Information on our velocity sen-
sors may be found in our Rotary Transducer Brochure.

Acceleration Sensors: CDAs Rotary Accelerometers (RAS) are
extremely useful for inner loop stability and high bandwidth, in
high performance geared servo systems. The RA provides a
higher order effect in servo compensation than damping
tachometers, and require no excitation or demodulation to pro-
vide a DC output. Performance and application information on
our RAs may be found on pages 12 and 23.

Friction Brakes: As with all of our other modules, CDAS fric-
tion brakes are integrally mounted with no intermediate cou-
plings. These “fail safe” DC devices provide power off holding
to a rotary or linear actuator, and allow the motor shaft to
rotate freely when DC voltage is applied to the brake winding.
Performance on our four frame sizes of friction brakes may be
found on page 13.

Gearing Options: Pages 14 through 17 tabulate our high reli-
ability in-line and right-angle gearboxes and composite assem-
bly dimensions. These low backlash/high stiffness gearboxes
are ideal torque multipliers for high precision servo and point-
ing mechanisms.

Sinusoidal Brushless Actuator with Hard Mounted Connector



Motor Mechanical Data

(4) C DIA HOLES

IMPERIAL UNITS (DIMENSIONS IN INCHES)

c D E F B e
12 0.750 0.620 0.081 0.5000 0.040 0.125 0.780 T2 9.00 E-06 0.15
16 1.000 0.828 o.110 0.6250 0.125 0.187 0.995 2.8 3.40 E-05 0.35
20 1.250 1.030 0.129 0.7500 0.125 0.250 1.280 5.0 1.00 E-04 0.60
24 1.500 1.250 0.149 0.8750 0.125 0.250 1.550 8.5 2.50 E-04 1.20
32 2.000 1.670 0:177 1.1250 0.125 0.375 1291 19 9.60 E-04 2.00
40 2.500 2.080 0.266 1.5000 0.125 0.500 2.170 32 1.50 E-03 3.00
48 3.000 2.500 0.266 1.7500 0.125 0.500 2.500 64 2.62 E-D3 5.00

SYSTEM INTERNATIONAL (DIMENSIONS IN mm)

D ¢ "
12 19.05 15.75 2.06 12.700 1.02 3.18 19.81 0.037 6.36 E-08 1.06
16 25.40 21.03 2.79 15.875 3.18 4.75 2527 0.078 2.4 E-07 2.47
20 31.75 26.16 3.28 19.050 3.18 6.35 32.51 0.142 7.06 E-07 4.23
24 38.10 31.75 3.78 22.225 3.18 6.35 39.37 0.241 1.77 E-06 8.47
32 50.80 42.42 4.50 28.575 3.18 9:53 48.54 0.540 6.71 E-06 14.1
40 63.50 52.83 6.76 38.100 3.18 12.70 55.00 0.91 1.01 E-05 21.2
48 76.20 63.50 676 44.450 3.18 12.70 63.50 1.80 1.85 E-05 353
Notes:

AW -

. Pilot to pinion concentricity = 0.0007 inches [0.018 mm] TIR.

. Flange to pinion perpendicularity = 0.0007 inches [0.018 mm] TIR.

. Composite error of assembled pinion = 0.011 inches [0.028 mm] TIR.
. Other mounting configurations are available on request.
. Contact CDAs engineering department for motor thermal characteristics.




TYPE 12 BRUSHLESS PERMANENT MAGNET MOTOR

PERFORMANCE AT +25° C UNIT TEMPERATURE

DATA AT MAXIMUM POWER OUTPUT DATA AT STALL NO TORQUE CONSTANT
LOAD
MOTOR MOTOR | POWER | POWER POWER 270 VOLT SUPPLY
e (RN nMl Ol lr (Ress | VIOTOR TOROUE | ) oo [NSEEER (SEE NOTE 3

Oz-In mNm RPM WATTS WATTS Oz-In mNm Watts RPM OzIn/Amp | mNm/Amp
12B1.0 1.0 7 15000 11 7 1.4 10 2.5 22000 15.9 112
12B2.0 2.0 14 15000 22 12 2.4 17 7.1 24000 14.5 102
12B3.0 3.0 21 15000 3 20 3.4 24 14 25500 13.8 97
12B4.0 4.0 28 15000 44 30 4.4 =Y 24 27000 13.2 93
12B5.0 5.0 35 15000 55 40 5.4 38 36 29000 12.5 88
Notes:
1. Other performance characteristics are available on request.
2. Two phase or three phase windings as required.
3. To determine torque constant at other supply voltages, multiply the tabulated torque constant by your operational voltage,
then divide this figure by 270.
4. Unit operational temperature range: -80° C to +225° C. Wider temperature ranges available.
5. See pages 14 through 17 for motor temperature rise data.

Type 12 Speed vs. Torque Type 12 Speed vs. Torque
Imperial Units System Intemational

j:: \\ == mm-\ 1265.0
S~y e
i 15000 \\‘\.\‘

7 k 008 a\ \ \ \ \\
WX G T T e U

pead (R
2
2
Speed (RPM)

o
ra
o
X S
w
o
(=]

Torque (OXIny 1] ] 10 15 20 25 30 35 40 45
Torgque (mNm|
Type 12 Power Loss vs. Speed TYPE 12 CONSTANTS
for Tabulated Torque Outputs (® 25" C For Reference Only)
#3 S00n Parameter Symbol Units
35 mMin
40 =]
-‘___.____.,_.-—a—-——’_'_'_ Oz-In-sec? 9.00 E-06
38 Inertia JM
= 40010 kgm? 6.36 E-08
£ ¥ " 28 mhm
z Oz-In/w ° 0.9
<28 " Motor Constant Ky,
a 3.002In 5
3 i L 21 nim mNm/Awv 6.4
i R
s Electrical Time
815 i " Constant (L/R) Te sec 1.8 E-04
10 - 14 mNm
e Oz-In 0.15
5 e e~ P Coulomb Friction F.
71 BNm miNm 1.06
0 " .
0 000 4000 6000 SO0 10000 12000 14000 16000 . e Oz-In/rpm 2.67 E-05
Operating Speed [RFM) Viscous Friction Bv
miNm/rpm 1.89 E-O4




TYPE 16 BRUSHLESS PERMANENT MAGNET MOTOR

PERFORMANCE AT +25° C UNIT TEMPERATURE

DATA AT MAXIMUM POWER OUTPUT DATA AT STALL NO TORQUE CONSTANT
LOAD
MOTOR MOTOR | POWER | POWER POWER 270 VOLT SUPPLY
e [ACASEIORSERRIEEE ol eln [ lass | MOTORTOROLE | o5 [ESTERR (SEE NOTE 3

Oz-In mNm RPM WATTS WATTS Oz-In mNm Watts RPM Oz-In/Amp | mMNm/Amp
16B3.0 3.0 21 15000 33 15 3.8 26 3.6 19000 18.7 132
16B6.0 6.0 32 15000 67 25 6.8 48 12 20000 17.7 124
16B9.0 9.0 64 15000 100 41 9.8 69 24 22500 15.8 112
16B12. 12 85 15000 133 62 13 90 42 25500 14.2 100
16BI15. 15 106 15000 166 87 16 110 64 28500 12.8 90
Notes:
1. Other performance characteristics are available on request.
2. Two phase or three phase windings as required.
3. To determine torque constant at other supply voltages, multiply the tabulated torque constant by your operational voltage,
then divide this figure by 270.
4. Unit operational temperature range: -80° C to +225° C. Wider temperature ranges available.
5. See pages 14 through 17 for motor temperature rise data.

Type 16 Speed vs. Torque Type 16 Speed vs. Torque
Imperial Units System Intemational
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Type 16 Power Loss vs. Speed TYPE 16 CONSTANTS
» for Tabulated Torque Outputs (® 25" C - For Reference Only]
50 Parameter Symbol Units
"H_’F__d_,_.hm___rsmvm
#4 106 mhm Oz-In-sec? 3.4 E-05
Inertia IRk
'g 70 — =] i385 kgm? 2.4 E-O7
———&% mNm
g 60 Oz-In/w * 2.0
¥ so Motor Constant K,
e |l 200mn mNm/w © 14
g 40 —— 44 mNm
2 30 e Electrical Time - ’
. L™ ]800 Constant (L/R) & RES SRmos
20 42 mNm
P e - Oz-in 0.35
10 S~ 3.00zIn Coulomb Friction s
: & i mNm 2.47
0 2000 4000 6000 8000 10000 12000 14000 16000 ESIRASR 5.33 E-05
Operating Speed (RFM) Viscous Friction B,
mMNm/srpm 3.77 E-04




TYPE 20 BRUSHLESS PERMANENT MAGNET MOTOR

PERFORMANCE AT +25° € UNIT TEMPERATURE

DATA AT MAXIMUM POWER OUTPUT DATA AT STALL NO TORQUE CONSTANT
LOAD
MOTOR MQOTOR | POWER | POWER POWER 270 VOLT SUPPLY
TYPE MOTCRTORCUS SPEED | OUTPUT | LOSS MOTORTORQLIE LOSS SEEER (SEE NOTE 3)

Oz-In mNm RPM WATTS WATTS Oz-ln mNm Watts RFM Oz-In/Amp | mNm/Amp
20B10. 10 71 15000 111 35 12 85 9 18500 19.1 135
20BI15. 15 106 15000 166 45 17 120 18 19000 18.5 131
20B20. 20 141 15000 222 58 22 155 30 20000 17.4 123
20B25. 25 177 15000 277 76 27 191 45 21000 16.7 118
20B30. 30 212 15000 333 100 32 226 64 24000 15.1 107
Notes:
1. Other performance characteristics are available on request.
2. Two phase or three phase windings as required.
3. To determine torque constant at other supply voltages, multiply the tabulated torque constant by your operational voltage,
then divide this figure by 270.
4. Unit operational temperature range: -80° C to +225° C. Wider temperature ranges available.
5. See pages 14 through 17 for motor temperature rise data.

Type 20 Speed vs. Torque T
i % ype 20 Speed vs. Torque
Imperial Units System Intemational
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Type 20 Power Loss vs. Speed TYPE Z0 CONSTANTS
for Tabulated Torque Qutpurs (@ 25" C - For Reference Only)
12 30024
/ 212 mhm Parameter Symbol Umnits
100 _d Oz-In-sec? 1.0 E-04
/ 25000 Inertia I
2
g e i o e kgm 7.1 E-07
z Oz-In/w = 4.0
2 60 " 2002 Motor Constant e
3 s N 142 mhim mNmAa = 28
- __.-v"_'_'-.-_
@ e i : i
g 40 = '-.-ﬁ__‘ﬁ-”q;,m Electrical Time T coc S0 o
= " J/I//:/J/\ 106 mrhim Constant (L/R) e £
20 — —— S Oz-In 0.6
| ok Coulomb Friction F,
. mNm 4.2
0 2000 4000 6000 S000 10000 12000 14000 16000 s i S5 E0%
Cperating Spaed (RPM) Viscous Friction B,
' mNm/s rpm .41 E-04




TYPE 24 BRUSHLESS PERMANENT MAGNET MOTOR

PERFORMANCE AT +25° C UNIT TEMPERATURE

DATA AT MAXIMUM POWER OUTPUT DATA AT STALL NO TORQUE CONSTANT
LOAD
MOTOR MOTOR | POWER | POWER POWER 270 VOLT SUPPLY
TYPE MCERRTCECUE SPEED | OUTPUT | LOSS MOTOR TORGUE LOSS 2FEED (SEE NOTE 3)

Ozin mNm RPM WATTS WATTS Oz-In mNm Watts RPM Oz-In/Amp | mNm/Amp
24B20. 20 141 15000 222 65 24 169 16 18000 194 135
24B30. 30 Z1iZ 15000 333 94 34 240 32 19000 17.2 121
24B40. 40 282 15000 444 130 44 311 53 21000 16.1 114
24B50. 50 353 15000 555 175 54 381 81 23000 15.5 109
24B60. 60 424 15000 666 238 64 452 114 26000 13.2 98
Notes:
1. Other performance characteristics are available on request.
2. Two phase or three phase windings as required.
3. To determine torque constant at other supply voltages, multiply the tabulated torque constant by your operational voltage,
then divide this figure by 270.
4. Unit operational temperature range: -80° C to +225" C. Wider temperature ranges available.
5. See pages 14 through 17 for motor temperature rise data.

Type 24 Speed vs. Torque Type 24 Speed vs. Torque
Imperial Units System Intemational
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TYPE 24 CONSTANTS
Type 24 Power Loss vs. s’eed (@ 25" C - For Reference Only)
for Tabulated Torque Cutputs T
#50 424 M Parameter Symbol Units
/ Oz-In-sec? 2.5 E-04
200 S0 0 Inertia J
o L 353 i i kgm? 1.8 E-06
kY _
B - / - :
150 5 z-lIn/w 6.0
< g |_-o0en Motor Constant K,
b mNm/w ° 42
§ 100 - L soork Electrical Time
> — p— T 2
§ | e e 211 mNm Constant (L/R) -] sec 1.2 E-03
so e — Oz-In 122
i S 20020 Coulomb Friction E
T s 141 mAm mNm 8.5
0 R =
0 2000 4000 4000  S000 10000 12000 14000 14000 ) ol Oz-In/rpm 2.67 E-04
2 Viscous Friction B,
Operating Speed (RPM) mNm/srpm 1.88 E-03




TYPE 32 BRUSHLESS PERMANENT MAGNET MOTOR

PERFORMANCE AT +25" C UNIT TEMPERATURE

DATA AT MAXIMUM POWER OQUTPUT DATA AT STALL NO TORQUE CONSTANT

gl e————e (R

Oz-In mNm RPM WATTS WATTS Oz-In mNm Watts RPM Oz-In/Amp | mNm/Amp
32B40. 40 282 15000 444 136 46 325 11 17000 19.22 136
32B60. 60 424 15000 667 180 66 466 22 18000 18.6 131
32B80. 80 565 15000 888 225 886 607 37 19000 17.3 122
32B100 100 706 15000 1109 290 106 748 57 21000 26.5 117
32B120 120 847 15000 1331 370 126 890 81 23000 15.4 109
Notes:

1. Other performance characteristics are available on request.
2. Two phase or three phase windings as required.

3. To determine torque constant at other supply voltages, multiply the tabulated torque constant by your operational voltage,

then divide this figure by 270.

4. Unit operational temperature range: -80° C to +225" C. Wider temperature ranges available.

5. See pages 14 through 17 for motor temperature rise data.

Type 32 Speed vs. Torque
Imperial Units
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TYPE 32 CONSTANTS
(@ 25" C - For Reference Only)

Parameter Symbol Units
Oz-In-sec? 9.6 E-04
Inertia i
kgm?* 6.7 E-06
Oz-In/w = 14
Motor Constant K,
miNmsw = 99
Electrical Time
T -
Constant (L/R) e sec 2.0 E-03
Oz-In 2.0
Coulomb Friction e
mNm 14
Oz-In/rpm 4.0 E-04
Viscous Friction B,
mNm/rpm 2.8 E-03




